INTRODUCTION
============

Increasing evidence suggests that inflammatory changes and activation of immune cells are involved in the initial and acute phase of atherosclerosis^[@b1-kjim-15-2-117-3])^. The activation of monocytes by agents such as oxidized-low density lipoprotein (oxi-LDL) is believed to initiate atherosclerosis. Subsequent transformation of monocytes to macrophage/foam cells leads to the formation of the hallmark of atherosclerosis: fatty streak. Foam cells produce various growth factors and extracellular matrix proteins that stimulate the proliferation of vascular smooth muscle cells and lead to the formation of atherosclerotic plaques^[@b2-kjim-15-2-117-3])^. Foam cells are involved in not only the initiation but also the acute rupture of plaque and further formation of thrombus through the expression of matrix metalloproteinases, stromelysin and tissue factor^[@b3-kjim-15-2-117-3]--[@b7-kjim-15-2-117-3])^.

Activation of T-lymphocytes was also observed in atherosclerotic plaque. Hansson *et al.* demonstrated the presence of T-cells expressing very late activation antigen-1 (VLA-1) and HLA-DR, which in T cells are synthesized only in an activated state^[@b8-kjim-15-2-117-3])^. Furthermore, at least a subtraction of the activated T-cells in the atherosclerotic plaques appears to be specific to oxi-LDL, which is a known inducer of foam cell transformation of monocytes^[@b9-kjim-15-2-117-3])^. These observations indicate that the presence of activated T-lymphocytes is a result of specific immune response to atherogenic components. Activated T-lymphocytes derived cytokines, such as Interferon(IFN)-*γ*, are also known to induce instability of the plaque^[@b6-kjim-15-2-117-3],[@b10-kjim-15-2-117-3]--[@b12-kjim-15-2-117-3])^. Furthermore, it has been reported that T-lymphocytes isolated from unstable angina patients can activate the pro-coagulating activity of monocytes isolated from normal individuals^[@b13-kjim-15-2-117-3])^. In contrast, monocytes isolated from unstable angina patients did not have pro-coagulant activities. These results suggest that T-lymphocytes may control the response of monocytes to atherogenic stimuli.

Previous analysis of atherosclerotic lesions indicated that B-cells may play some important roles. B-cells perform many functions with potential relevance to atherogenesis, such as formation of immune complexes, complement-mediated cytotoxicity (CMC) and antibody dependent cell-mediated cytotoxicity (ADCMC). Immune complexes and complements have been identified in atherosclerotic lesions. These B-cell-mediated immune responses could contribute to the core of necrotic debris seen in advanced complicated atherosclerotic lesions^[@b16-kjim-15-2-117-3],[@b17-kjim-15-2-117-3])^. Components of activated complements are chemotactic for mononuclear cells, can activate monocyte/macrophages and polymorphonuclear leukocytes, and have profound regulatory effects on both T and B lymphocytes^[@b18-kjim-15-2-117-3],[@b19-kjim-15-2-117-3])^.

Although lots of researchers reported the presence of macrophages, T cells and B cells in atherosclerotic plaque, none of them integrated the results in a single setting. We investigated the distribution of foam cells, helper-T cells, cytotoxic-T cells, killer cells and B cells in the atherosclerotic plaques removed from patients during the carotid endoarterectomy. Results indicated that foam cells and helper-T cells constitute a major population of immune cells in the atherosclerotic plaques.

MATERIALS AND METHODS
=====================

1.. Patient selection and sample preparation
--------------------------------------------

We selected 11 patients, aged from 63 to 81, who underwent carotid endoarterectomy at Samsung Seoul Hospital. The demographic and clinical features of the study subjects are shown in [Table 1](#t1-kjim-15-2-117-3){ref-type="table"}. Atherosclerotic plaques were washed with saline and fixed with 4% paraformaldehyde within 1 hr after removal.

2.. Histological analysis
-------------------------

Standard 5-*μ*m sections of the tissues were made after the fixation in 4% paraformaldehyde, dehydration and paraffin embedding. The sections were stained with haematoxylin and eosin. Immunohistochemistry was performed using the LSAB kit (DAKO, Copenhagen, Denmark) according to the manual provided by the manufacturer. Monoclonal antibodies to CD68 (KP1), CD3 (UCHT1), CD4 (MT310), CD8 (DK25), CD20 (L26), and TIA-1 were purchased from DAKO.

RESULTS
=======

Heavy infiltration of mononuclear cells was observed in the carotid specimens in all cases. Most of the infiltrated areas included the shoulder regions of the plaques in most of the cases and fibrous cap regions in some cases. Infiltration was also observed in the arterial walls adjacent to the plaque (data not shown).

CD68 is known to be a cellular marker specifically expressed in human monocyte/macrophages^[@b20-kjim-15-2-117-3])^. In all cases, heavy staining with anti-CD68 antibody was observed indicating that most of the infiltrating immune cells are in monocyte/macrophage lineage ([Table 2](#t2-kjim-15-2-117-3){ref-type="table"} and [Figure 1D](#f1-kjim-15-2-117-3){ref-type="fig"}). The morphological characteristics of these CD68 positive cells indicate that these are foam cells. Most of the CD68 positive foam cells were seen consistently in the intima but were absent from the media and were either isolated or grouped focally.

Various levels of staining, but positive in all cases, were observed with anti-CD3 antibody suggesting that infiltration of T-lymphocytes is involved in the pathogenesis of atherosclerosis ([Table 2](#t2-kjim-15-2-117-3){ref-type="table"} and [Figure 1E](#f1-kjim-15-2-117-3){ref-type="fig"}). To find out whether these cells are helper-T cells or cytotoxic-T cells, sections were stained with either anti-CD4, which recognizes the helper-T cells, or an anti-CD8, which recognizes the cytotoxic-T cells. Results indicated that most of the CD3 positive cells are helper-T cells, while cytotoxic-T cells are less prominent and less frequent ([Figure 1F](#f1-kjim-15-2-117-3){ref-type="fig"} and [1G](#f1-kjim-15-2-117-3){ref-type="fig"}). Most of the CD3 and CD4 positive cells were found in areas where most of the foam cells were found.

Staining with anti-TIA-1 antibody ([Figure 1H](#f1-kjim-15-2-117-3){ref-type="fig"}), which binds the serine esterase-positive granule membrane components of cytotoxic T-lymphocytes and natural killer cells^[@b21-kjim-15-2-117-3],[@b22-kjim-15-2-117-3])^, also resulted in low incidences ([Table 2](#t2-kjim-15-2-117-3){ref-type="table"} and [Figure 1H](#f1-kjim-15-2-117-3){ref-type="fig"}). Staining for a pan-B cell marker, CD20, revealed that positive staining was observed only in 3 out of 11 cases ([Table 2](#t2-kjim-15-2-117-3){ref-type="table"}).

DISCUSSION
==========

The most important observation made in this study is that all of the carotid atherosclerotic plaques are heavily infiltrated with foam cells and helper-T cells. This indicates that helper-T cells as well as foam cells may play important roles in the formation of plaques. In contrast, other types of cells, such as B cells and cytotoxic-T cells, are not likely to be involved in atherosclerotic plaque formation. Our study, however, does not provide any evidence that the observed T-lymphocytes activate and contribute to lesion progression. We are currently analyzing the activation status of these cells by determining the expression of activation markers.

Development of atherosclerosis proceeds through a complex process involving the deposition of plasma lipoproteins and the proliferation of cellular elements in the artery wall. This chronic condition advances through a series of stages, beginning with fatty streak lesions composed largely of lipid-engorged macrophage foam cells, and ultimately progresses to complex plaques consisting of the core of a lipid and necrotic cell debris covered by fibrous caps. High prevalence of Helper T-cells and monocytes in all atherosclerotic plaques indicate that they either have major roles in the development of plaques or that the development of plaques activate the infiltration of these cells. Several observations suggest that the former is the case. First, monocytes express many cytokines by stimulation with oxidatively modified-LDL. Second, plaques contain oxi-LDL specific T-lymphocytes^[@b9-kjim-15-2-117-3])^.

The CD4^+^ helper-T cells observed in this study appear to be associated with monocyte/macrophage lineage cells. Helper-T cells may regulate the attachment and penetration stages of the monocytes. It is also possible that the T-lymphocytes within the subendothelial intimal space play a significant role in establishing and maintaining the presence of monocyte/macrophage cells in atherosclerotic lesions through the expression of chemotactic factors, such as IL-8 and MCP-1^[@b25-kjim-15-2-117-3],[@b26-kjim-15-2-117-3])^. Cytokines secreted by activated T cells can activate macrophages and regulate their lipoprotein uptake. Activated macrophages, in turn, can secrete a wide variety of potentially atherogenic agents.

Helper-T cells play an important role in a wide variety of human diseases. It is likely that the helper-T cells within the subendothelial intimal space have the potential ability to directly modify the functions of neighboring endothelial cells, monocyte/macrophages and SMCs, rather than being mere passive onlookers. The possible interaction between these cell types may mediate in many pro-atherogenic events.
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![Histological analysis of human athereosclerotic plaques. (A) H&E staining of atherosclerotic plaque showing gross morphology. Lipid rich core (triangle) and fibrous cap with focal infiltration of immune cells (arrow) are indicated. (B) H&E staining of a region of heavy infiltration. (C) H&E staining showing a foam cell rich region (arrow). Immunohistochemical staining with anti-CD68 (D), anti-CD3 (E), anti-CD4 (F), anti-CD8 (G) and anti-TIA-1 (H) monoclonal antibodies. Magnification: (A), ×40; (B) and (E), ×100; (C), (D), (F), (G), and (H) ×200.](kjim-15-2-117-3f1){#f1-kjim-15-2-117-3}

###### 

Characteristics of the study subjects.

  Parameter                         value
  --------------------------------- ---------------------------------------------------------
  n                                 11
  Age (yrs)                         70.5±9.9
  Sex (male/female)                 11/0
  BMI (kg/m^2^)                     23.1±3.0
  Total Cholesterol (mg/dL)         182.0±30.8
  Smoking (current/ex/non-smoker)   3/3/2^[\*](#tfn2-kjim-15-2-117-3){ref-type="table-fn"}^
  Hypertension (n)                  8
  Diabetes Mellitus (n)             5

Data on age, BMI and total cholesterol are expressed as mean + SD.

Information for smoking status is not available for 3 patients

###### 

Summary of immunophenotypic analysis of infiltrating inflammatory cells in atherosclerotic plaque

  Patient No.   CD3   CD4   CD8   CD20   CD68   TIA-1
  ------------- ----- ----- ----- ------ ------ -------
  P1            +++   ++    ++    −      ++++   \+
  P2            ++    ++    \+    \+     ++++   ++
  P3            ++    ++    ++    −/+    ++++   +/−
  P4            ++    \+    \+    −      ++++   \+
  P5            +++   +++   +++   −      ++++   ++
  P6            ++    ++    −     \+     ++++   +/−
  P7            \+    \+    −     ++     ++++   \+
  P8            ++    +++   +/−   −      +++    −
  P9            +++   ++    \+    \+     ++++   +/−
  P10           ++    ++    \+    −      ++++   −
  P11           +++   ++    ++    −      ++++   \+
